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Motivation

« Objectives:

« Systematic quantitative comparison of distinct materials with
varying demise phenomenologies subjected to PWT testing

« Empirical refinement of heat of ablation material data for use
with simple scaling models
* Criteria:
» Universal applicability for effective comparison

« Extractable from PWT testing

» As simple (holistic) as possible, as complex
(phenomenologically resolved) as necessary
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Procedure

Extraction of comparison metrics from PWT test data

1. Assess computation of heat of ablation / demise from experimental data for materials
with distinct demise phenomenologies

2. Determine heat flux threshold for onset of demise from literature data and experiments
(under consideration of catalysis where possible)

3. Approach empirical heat of ablation under consideration or neglect of Control

volume /

» Catalysis, (phenomenologically reduced here, see also Ref. [1]) sample

» Structural losses

. . . X catdfe Astruct
> qeff = XcatYfc — {struct

utilising emissivity and catalysis correction data from dedicated

experiments. Non-universal phenomena (e.g. convective
blockage) included in effective heat of ablation / demise.

4. Obtain theoretical heat of ablation / specific enthalpy after melt for comparison

University of Stuttgart [1] B. Massuti-Ballester, G. Herdrich “Experimental Methodology to Assess Atomic Recombination on High-Temperature 2-Dec-20
Materials”, Journal of Thermophysics and Heat Transfer 32(2), 2018, doi: https://doi.org/10.2514/1.T5132



Ablating Materials
Commonality: Mass loss rate scales with heat flux
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Metals
Commonality: “Hard” melting temperature, non-scalable effects (e.g. oxide layer)
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Empirical Heat of Ablation/Demise vs. Heat Flux Threshold

No mitigation of heat flux considered - fully catalytic (fc)
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Empirical Heat of Ablation/Demise vs. Heat Flux Threshold

Subtraction of radiative (Stefan-Boltzmann) and structural heat losses (empirical)
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Empirical Heat of Ablation/Demise vs. Heat Flux Threshold
Catalysis correction determined (mostly) from steady state responses
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Empirical Heat of Ablation/Demise vs. Heat Flux Threshold
Assumption of wall-temperature-dependent “dynamic” catalysis
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Conclusions

Summary

- Simple, straightforward and universally applicable comparison of material demisability
from PWT test results

« Reduction to two key parameters (not new, really)

« Step-wise approach to theoretical heat of ablation with additional measurement data
- Determine discrepancies of interest

Outlook / To Do List (Work in Progress!):

- Refinement / re-assessment of existing results

« Remaining materials to be added

« More extensive discussion of result implications (incl. non-scalable effects, e.qg. spallation)

« Comparison with “proper” ablation models
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